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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a biodegradable polyester resin composition Furthernnore the present invention 

relates to a biodegradable molded article prepared from the polyester resin composition 

The biodegradable polyester resin composition of the present invention is more excellent in biodegradability re- 
gardless of including an aliphatic polyester resin containing or not containing urethane units which has a relatively poor 
biodegradability 

10 

BACKGROUND OF THE INVENTION 

Hitherto, a variety of synthetic resins such as polyethylenes, polypropylenes, polyethylene terephthalates, poly- 
carbonates, polyvinyl chloride, and polyamides, etc. have been used in a large amount as materials for various molded 
^5 articles, for example, such as wrapping materials, structural matenals, and parts for cars or electric appliances, bottles, 
trays, flowerpots, pots for a seed bed, films, textiles, cloths, and a personal coded card such as a credit card or a 
prepaid card, etc owing to their excellence in tightness, beautiful appearance, stability, durability, mechanical proper- 
ties, moldability, etc., and low price. 

The molded articles are usually recovered as wastes, and then occasionally recirculated or regenerated, occa- 
20 sionally burned, and occasionally buried in the ground. 

However, articles molded from the synthetic resins cannot be naturally degraded even when disposed in surround- 
ings or circumstances or buried in the ground, because of their durability, for example, weatherability, etc., unpreferably 
resulting in causing an environmental pollution. 

Of the synthetic resins, particularly, polyethylenes and polypropylenes do not nearly quite exhibit biodegradability 
25 Recently, in order to give biodegradability to synthetic resins which do not nearly quite exhibit biodegradability 

such as the polyethylenes and polypropylenes, for example, it has been investigated to be mixed with materials having 
biodegradability such as starches. Furthermore, it has been investigated to give a photo<Jegradability to polyethylenes 
and polypropylenes 

Still further, there has been investigated an attempt that the polyethylenes and polypropylenes in which a photo- 
30 degradability is given are mixed with starches having biodegradability. 

However, mechanical properties are unpractically poor in articles molded from the resins mixed with starches. 

In the resins mixed with starches, since starch itself has biodegradability the molded articles are taken to pieces. 

However, the resin itself is remained in surroundings or circumstances without biodegradation, unpreferably re- 
sulting in that problems cannot be fundamentally solved 
35 Even in resins in which a photo-degradability is given, similar situations are present. Furthermore, the resins cannot 

be semipermanently degraded in circumstances not exposed to light 

Furthermore, in the case when the molded articles are burned, these often damage incinerators because of the 
high-calorie energy generated in burning thereof, or smoke and soot, acidic gasses such as hydrogen chloride, and 
chlorine gas which are also harmful for the human, animals, and plants 
40 Accordingly, methods for disposing of plastic wastes have recently become problematic, and there has been pro- 

posed the use of natural material-based resins from which compounds adversely affecting surroundings or circum- 
stances and living bodies are not produced by degradation. As the natural material-based resins, there are exemplified 
celluloses, starch-based plastics, cellulose-based esters having a low degree of substitution, and further, and a poly- 
ester resin produced by microorganisms. 
45 Recently, it is attracted that synthetic polyester resins, particularly, aliphatic synthetic polyester resins exhibit a 

relatively excellent biodegradability compared to the other synthetic resins Also, it is known that the aliphatic synthetic 
polyester resins have well-balanced properties between moldability, costs, mechanical strength, and water resistance. 

The aliphatic synthetic polyester resins can be prepared by a polycondensation reaction between an aliphatic 
bifunctional alcohol and an aliphatic dicarboxylic acid. 
50 However, the aliphatic synthetic polyester resins have a lower melting point. Accordingly the resins cannot be 

employed in place of conventional polyolcfin rosins 

Of the aliphatic synthetic polyester resins, it has been known that a specified polyester resin has a melting point 
exceeding lOO^C, and has a thermoplastic property 

As the specified synthetic polyester resins, there are exemplified a polyester resin prepared from succinic acid 
55 and 1 .4-butanediol, a polyester resin prepared from succinic acid and ethyleneglycol a polyester resin prepared from 
oxalic acid and neopentylglycol, a polyester resin-prepared from oxalic acid and 1 , 4-butanediol, and a polyester resin 
prepared from oxalic acid and ethyleneglycol Of those polyester resins prepared from oxalic acid are poor in a thermal 
stability, as a result, a molecular weight cannot be increased. 
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On the other hand, it is known that the succinic acid-bascd aliphatic polyester resin has a relatively excellent 
thermal stability 

However, even in the succinic acid-based aliphatic polyester resin, a molecular weight cannot be readily increased 
by polycondensation with a conventional apparatus, resulting in that there is not prepared a high molecular weight 
5 resin having practical mechanical properties 

As a process for increasing the molecular weight of the aliphatic polyester resin. JP-A-4189822/JP-A-41 89623 
(corresponding to USP No. 5306787 and EP 48861 7). JP-A-5295071 , and JP-A-5287042, etc. disclose that a polyiso- 
cyanate is employed; resulting in that urothane bonds are formed in combination with hydroxy! groups at terminals in 
the aliphatic polyester restn. Furthermore as uses thereof, there are exemplified JP-As- 
10 6170941/6171050/6172578/6172621/6246767, and JP-A-6246810, etc (corresponding to USP Nos 5310872. 
5314927. 5314969, 5321052, 5324556, 5324794, 5348700, 5349028, 5360663, 5362765 and EP 569143) in which 
packaging tapes of bands are disclosed. 

According to the JPs. USPs, and EP, it appears that a polyester resin in which there is employed an aliphatic 
polyisocyanate such as hexamethylene diisocyanate is more excellent than a polyester resin in which there is employed 
^5 an aromatic isocyanate in biodegradability. 

As described hereinabove, it has been unsatisfactorily employed as articles prepared by injection molding, articles 
prepared by blow molding, textiles, and films by the increase of molecular weight in an aliphatic polyester resin having 
a low molecular weight. 

However even in the succinic acid-based aliphatic polyester resin, in the case when it has a high crystallinity or 
20 in the case when the urethane bonds are formed in the molecule of the resin, biodegradability often unpreferably 
decreases 

It depends upon a fact that biodegradability usually initiates at non-crystalline portions, and crystalline portions 
are not readily degraded. 

Furthermore, as an aliphatic synthetic polyester resin having excellent biodegradability polylactone resins are 
^5 known, and a demand thereof in the market has increased because of being manufactured at a relatively low price 
and because of a safe biodegradable resin 

The magazine 'Practical and Biodegradable Plastics' (page 42, 1992) published by CMC, Ltd cites many refer- 
ences described concerning biodegradability of a poly(e-caprolactone) resin 

In 1972, Potts et al. found that a poly(e-caprolactone) resin having a high molecular weight (40,000) disappeared 
30 after being buried for 1 year [Am. Chem. Soc. Polymer Preprint, 1 3, 629 (1 972)]. In 1 975, Diamond et al. reported that 
a film prepared from a poly(e-caprolactone) resin was degraded by Aspergillus or in soil [Int. Biodetr Bull., 11, 127 
(1975)]. In 1 976. Tokiwa et al reported that a poly(e-caprolactone) resin having a number average molecular weight of 
25 000 was almost completely degraded in 12 days by a fungus of Penicillium sp strain 26-1 isolated from soil [J 
Ferment Technol , 54, 603 (1976)] 
35 Even in the poly(e'Caprolactone) resin having biodegradability there is known a fact that if it is combined with a 

polyisocyanate such as hexamethylene diisocyanate in order to prepare a polyurethane, the polyurethane does not 
almost exhibit biodegradability in the case of an evaluation of degradation in an active sludge based on JIS K6950, 
The fact is coincident with the case of the succinic acid-based aliphatic polyester resin having urethane bonds. 
As described above, although polylactone resins such as the poly(e-caprolactone) resin have excellent biodegrad- 
40 ability, the resins have low softening temperatures such as 60 to 70°C. unpreferably resulting in that its practicality is 
considerably limited in a variety of use fields. 

Of the molded articles, for example, a variety of fibers, ropes, textiles, cloths, or nets have been employed in a 
large amount as industrial matenals which are used in fields such as fishery, agriculture, and engineering in which 
strength and weatherability are particularly required 
^5 In the fields, there have been employed textiles, etc prepared from polyamides, polyesters, Vinylon, and polyole- 

fines, etc Such the materials are also recovered as industrial wastes occasionally burned, occasionally buried in the 
ground, and exceedingly rarely regenerated or recirculated. 

Unfortunately, such the materials are not readily self-degraded, and there is caused a variety of pollution by leaving 
as it is after the use. For example, not only natural views are devaluated by the materials left as it is, but also birds, 
50 marine living things, and even the human, tor example, divers in marines are suffered when wastes are disposed in 
seas Furthermore, screws of ships arc suffered by twining thereof, resulting in causing marine troubles. 

In order to solve the above-described problems, there is proposed the use of ropes, textiles, cloths, and nets which 
are made from a biodegradable material. 

As biodegradable materials, there are exemplified fibers, yarns, ropes, textiles, and nets, etc made from celluloses. 
55 polysaccharides such as chitin. proteins or polypeptides such as a regenerated collagen, etc., a poly(alpha-oxyacid) 
such as a potygtycolide or a polylacttde, a poly(beta-hydroxyalkanoate), aliphatic polyesters such as polycaprolactones 
etc. 

However there is a problem that in the case when yarns are prepared from the polysaccharides or polypeptides. 
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Therefore the polyethylene is not sufficient as industrial materials in a field which require high strength 
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in a ticket detector unit, etc. 

In the cards used through the ticket detector unit, etc , there are required gate properties such as mechanical 
properties, durability bending resistance and rigidity etc. 

As materials for the prepaid cards having the gate properties and capable of being readily prepared polyethylene 
5 terephlhalate resins have been principally employed Although the polyethylene terephthalate resins have excellent 
gate properties the resins do not have biodegradability Furthermore, JP-A-8039745 discloses that a biodegradable 
resin comprising an aliphatic polyester resin is employed as materials for the prepaid cards. However, the aliphatic 
polyester resin alone is not sufficient in biodegradability 

Still further the personal coded cards for cashing or identifying such as credit cards are generally made from a 
TO polyvinylchloride resin The personal coded cards are also disposed after the uses for a comparatively long period 

As described hereinabove, the polyvinylchloride resin do not have biodegradability and, the resins have the prob- 
lems in burning. 

As materials for the cards having an excellent biodegradability, papers have been recently employed For example, 
JP-A-7009786 discloses a material for the cards having an excellent disposable property in which a biodegradable 
^5 resin is coated on one side or both sides of a substrate composed of papers. 

However, although the cards composed of papers have an excellent biodegradability, those are relatively poorer 
in total applicability as cards such as durability, bending resistance, water resistance, resistance to chemicals, surface 
smoothness, glossiness, and workability Accordingly, the cards composed of papers are remarkably limited in the 
uses, for example, for boarding tickets or admission tickets, etc. which are used only as temporary uses, resulting in 
20 that those are unsuitable for the prepaid cards which are repeatedly used for a certain period. 

Although there is alternatively proposed a sandwich construction with films made from resins such as polyethylene 
resins, polypropylene resins, polyvinyl chloride resins, polyethylene terephthalate resins, the resins do not have bio- 
degradability and disposability resulting in that cards having the sandwich construction is not basically different from 
cards composed of plastic resins alone in biodegradability 
25 JP-A-8039745 discloses that a biodegradable resin comprising an aliphatic polyester resin is employed as mate- 

rials for the prepaid cards However, the aliphatic polyester resin alone is not sufficient in biodegradability 

In view of this background, and as a result of extensive investigation^ the inventors of this invention have now 
found that there can be prepared a novel biodegradable resin composition having moderate properties without a de- 
crease of practicality owing to a synergetic effect between an aliphatic polyester resin and a polylactone resin, and the 
30 present invention has been now completed. 

SUMI^ARY OF THE INVENTION 

It is an object of the present invention to provide a biodegradable polyester resin composition. 
35 A first aspect of the present invention relates to a biodegradable polyester resin composition which comprises from 

1 to 200 parts by weight of a polylactone resin and 1 00 parts by weight of an aliphatic polyester resin. 

Specific embodiments of the polyester resin composition are set forth in the polyester resin composition claims, 
which are incorporated in their entirety herein by reference. 

A second aspect of the present invention relates to a biodegradable article molded from the biodegradable polyester 
40 resin composition of the first aspect 

Specific embodiments of the biodegradable article are set forth in the article claims, which are incorporated in their 
entirety herein by reference. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

The present invention will be described hereinafter in more detail 

According to a first aspect of the present invention, there is provided a biodegradable polyester resin composition 
which comprises from 1 to 200 parts by weight of a polylactone resin and 100 parts by weight of an aliphatic polyester 
resin. 

50 In the present invention, the terminology "biodegradability' means exhibiting a degradation ratio more than 20%, 

preferably more than 60% after immersing for 28 days in an active sludge obtained from a municipal drainage regulated 
by JISK6950, 

Although the aliphatic polyester resin in the present invention is not particularly limited, there preferably is required 
melting point more than 100°C. and there is required thermoplasticity The aliphatic polyester resin may contain or not 
55 contain urethane bonds 

In the case when urethane bounds are introduced into the aliphatic polyester resins to be employed, aliphatic 
poiyisocyanate compounds, in particular aliphatic diisocyanate compounds, are preferably employed 

In the case when the aliphatic polyester resins contain urethane bonds, the resins have preferably a number 
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average molecular weight ranging from 10,000 to 200,000, preferably from 30,000 to 100.000, and more preferably 
more than 40,000 

In the case when the number average molecular weight is below 1 0 000 mechanical properties in an article molded 
from the resin composition are unpreferably insufficient and, contrariiy, in the case when the number average molecular 
5 weight exceeds 200,000, it is difficult to prepare the polyester resin, and the polyester restn exhibits a too high melt 
viscosity, resulting in that moldability is poor 

In the case when the aliphatic polyester resins do not contain urethane bonds, the resins have preferably a number 
average molecular weight ranging from 25,000 to 70,000, and more preferably from 40 000 to 70.000, 

The aliphatic polyester resins to be employed in the present invention can be prepared from an aliphatic dicarboxylic 
fo acid or an anhydride thereof and a polyvalent alcohol, in particular a diol or glycol. By simplification, it will be spoken 
hereinafter of the glycols, but it is apparent that this is applicable to any polyvalent alcohol. 

After a glycol and aliphatic dicarboxylic acids or anhydrides thereof are esterified with an excessive amount of 
glycols until a desired acid value such as 10 or less is obtained, the resultant product is subjected to a reaction for 
decreasing a glycol in the presence of a reaction catalyst such as a titanium compound, etc under reduced pressures 
^5 to prepare a polyesterdiol having a number average molecular weight of at least 10,000 and substantially hydroxyl 
groups at terminals thereof. 

Thus-prepared polyesterdiol in a molten state is optionally allowed to react with a diisocyanate compound such 
as hexamethylene diisocyanate tn an amount ranging from 0.1 to 5 parts by weight based on 100 parts by weight of 
the polyesterdiol. 

20 As glycols to be employed for preparing the aliphatic polyester, there are specifically exemplified 1 ,4-butanediol, 

1 .B-hexanediol. 1 ,6-octanediot, 1 , 1 0-decanedioL ethyleneglycoL and neopentylglycol Of the glycols, there is preferably 
employed 1 ,4-butanediol or 1 ,6-hexanediol. and ethyleneglycol which have a smaller number of carbon atoms because 
those can give a polyester a high melting point and permit preparation of an aliphatic polyester resin having excellent 
moldability In particular, there is most preferably employed 1 4-butanediol 

^5 As dicarboxylic acids or anhydrides thereof to be employed for preparing the aliphatic polyester there are specif- 

ically exemplified those having a straight chain alkylene group with a carbon atom of 2.4.6.8. and 10 such as oxalic 
acid, succinic acid, adipic acid, suberic acid, sebacic acid, 1 .10-dodecanoic acid, succinic anhydride, and a mixture 
thereof 

Of the dicarboxylic acids or anhydrides thereof, there are preferably employed dicarboxylic acids or anhydrides 
30 thereof having a smaller number of carbon atoms such as succinic acid, adipic acid, and succinic anhydride because 
those can give a polyester a high melting point and permit preparation of an aliphatic polyester resin having excellent 
moldability. 

In particular, there are more preferably employed succinic acid, adipic acid, succinic anhydride, and a mixture 
composed of succinic acid or succinic anhydride and other dicarboxylic acids such as adipic acid, etc 
35 In the case where succinic acid or succinic anhydride is employed together with other dicarboxylic acids such as 

adipic acid, succinic acid or succinic anhydride is preferably employed in the mol % of mole than 70 %, and more 
preferably more than 90 % 

A polyester prepared by a combination of 1 ,4-butanediol and succinic acid or succinic anhydride has a melting 
point of 110 to 115°C. and a polyester prepared by a combination of ethylene glycol and succinic acid or succinic 
40 anhydride has a melting point of approximately 105°C 

Furthermore, other polyhydric alcohols, polybasic acids, and oxycarboxylic acids can be employed within a limit 
which does not adversely affect the purpose of the present invention. 

Since the aliphatic polyester resin to be employed in the present invention contains substantially hydroxyl groups 
at the terminals thereof, the glycol components and the acid components or anhydride thereof are essentially allowed 
45 to react in a slightly excessive amount of glycol components. The ratio of the glycol components ranges preferably 
from 1 05 to 1 20 mol based on 1 mol of polybasic acid components 

The aliphatic polyester resin to be employed in the present invention is not limited in processes for the preparation, 
and an aliphatic polyester resin having high molecular weight can be prepared by estenfication or transesteritication 
reaction and then a reaction for decreasing glycol components excessively charged and water or an alcohol produced 
50 In the reactions, there are preferably employed organometallic compounds such as organo acid salts, alkoxides. 

acctylacctonatc. etc, which arc catalysts employed in conventional reactions. As the organo metallic compounds, there 
are specifically exemplified tetrabutyl titanate, tetratsopropyl titanate, dibutoxy diacetoacetoxytitanium, tetraethoxyti- 
tanium, tetrapropoxy titanium, and tetrabutoxytitanium, etc which are commercially supplied 

The catalysts are employed in an amount ranging from 0 01 to 3 parts by weight, preferably from 0 05 to 2 parts 
55 by weight based on 100 parts by weight of polyester resin 

The catalysts may be charged either in the first stage of the estenfication reaction or immediately before the reaction 
for decreasing glycol 

The esterification reaction is carried out at a temperature range from 1 60 to 230°C, preferably from 1 SO to 220'C 
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heoretlcally optimum for the equivalent ratio of hydroxyl 9^°"PVrernoTcTuse prS practical uses^ 

and mixed in a nnixer such as an extruder, „,,^,hip ntpc-tirs" oublished by the Association of Japanese 

Thus-prepared aliphatic polyester resin has a general formula (1) or (2) described below. 

H-(OR^ 0-COr'cO)„ 1 -O-R^ -[OCONHR^NHCOOR^ 0-(C0r'-C0-0r' O)^^]^- 

-conhr^nhcoor'o(cor^coor'o)„3-h 

,n the formula (1), mf , m2, and m3 by which there a -ber a^^^^^ 

to 200,000 are a polymerization degree which may be ,den^ al ^^^J ° cycloalkylene group having a 

, -ruL:;rrg,:r2^trh■cr:ar.e=^^^ 

Tg'g .rom 1 to a'and R3 ,s a res,dual group derived from a polyisocyanate compound, and 
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having a carbon number ranging Irom 2 to 1 0 which may be branched or substituted by an alkyi group having a carbon 
number ranging from 1 to 3 

In the formulae (1) and (2), (ORiQ-COR^CO)^-. -{OR^O-COR^COj^l , -(OR10-COR2cO)^2-, and -(OR^O- 
C0R2C0)^3- represent a polyester chain derived from polycondensation of a bifunctional aliphatic alcohol with a bi- 
functional aliphatic carboxylic acid, and and R^ are a residual group derived from the bifunctional alcohol and 
bifunctional carboxylic acid, respectively 

Although thus-prepared aliphatic polyester resin containing urethane bonds has a relatively passable biodegrad- 
ability compared to other many synthetic plastics, it is not sufficient 

The aliphatic polyester resin composition of the present invention can be prepared by mixing the aliphatic polyester 
resin with a polylactone resin, and the composition exhibits a further excellent biodegradabiltty without a loss of other 
properties 

The polylactone resin is one of thermoplastic resins which has low softening temperatures such as, for example, 
from 60 to 70°C, and which has an excellent biodegradability. 

The polylactone resin can be conventionally prepared by subjecting a lactone monomer such as e-caprolactone 
to ring-opening polymerization in the presence of an appropriate catalyst and diols such as ethyleneglycol, diethyl- 
eneglycol, and a minor amount of water present in the lactone monomer etc, as an initiating reagent 

The number average molecular weight can be adjusted by controlling the amount of the minor water and/or the 
above described initiating agents. In the case when the amount of water and/or the initiating agent is larger, the mo- 
lecular weight of the resin is lower On the other hand, in the case when the amount of water and/or the initiating agent 
IS small, the molecular weight of the resin is higher. 

The polylactone resin to be employed in the present invention has a number average molecular weight value of 
from 1,000 to 200,000, preferably from 4,000 to 100,000, and more preferably from 10,000 to 70,000 

In the case when there is employed the polylactone resin having a low number average molecular weight value, 
although the moldability is preferably increased owing to a low melting viscosity in the resin composition, there unpref- 
erably decreases thermal resistance and mechanical properties in the resulting aliphatic polyester resin composition, 
resulting in that the use amount is limited and biodegradability is not improved so much. 

On the other hand, although there can be also employed the polylactone resin having a number average molecular 
weight value exceeding 200,000, it is difficult to industrially prepare the resin 

In order to obtain the polylactone resin having a number average molecular weight value ranging from 10,000 to 
70,000 to be preferably employed in the present invention, a very minor amount (specifically, 0,025 % or less) of water 
present in the monomer or minor amount of ethyleneglycol is preferably employed as the initiating reagent in the ring- 
opening polymerization. 

In the ring-opening polymerization, a catalyst is preferably used, and as the catalyst used for the ring-opening 
polymerization, including, for example, an organic tin compound, and a stannous halide and an organic titanium com- 
pound. 

The catalyst is used in an amount of from 0 1 to 5,000 ppm by weight, based on a lactone monomer The polym- 
erization temperature is preferably from 100 to 230 "C, preferably at inert gas atmosphere in order to obtain a high 
quality polycaprolactone resin. 

Preferred examples of the polylactone resin to be employed in the present invention include PCL H-series (having 
a number average molecular weight of from 10,000 to 100 000) of the polycaprolactone resin commercially supplied 
by Daicel Chemical Industries, Ltd. 

Of the above described PCL H-series, particularly, there can be more preferably used the polylactone resin having 
the number average molecular weight of from 50,000 to 70,000 from viewpoint of mechanical properties thereof 

It IS noted that the preferred polylactone resin having the above described range of the number average molecular 
weight corresponds to the resin having a relative viscosity value of from 1 .2 to 2.8, which can be produced by polym- 
erizing with the minor amount of water in a lactone monomer and/or ethyleneglycol, etc. as an initiating agent 

There is disclosed a process for the preparation of the polylactone resin having the above<iescnbed range of the 
number average molecular weight in the US Patent Nos. 4,745,171, 4.357,462, and 4,289,873, etc. 

The polylactone resin having the number average molecular weight of from 10,000 to 100.000 has been used for 
many purposes, for example, a toggle operating body [JP-A-60240692], a composition for a modelling compound [JP- 
B-91 071 71 2]. a medical gypsum material [ JP-B-880431 05] a splint matortal, a face mask for shielding from radioactive 
rays, or a modelling material for a periwig [JP-A-60215018], a resin composition [JP-A-631 53985] and a plastic mod- 
eling kit [US Patent Nos, 5,088,598 and 5,435,518] 

In the polylactone resin to be employed in the present invention, the relative viscosity value is measured by a 
capillary viscometer (Ubbelohde's viscometer) according to Japanese Industrial Standard K 6726, using toluene solu- 
tion containing 1% of the resin The measurement of the relative viscosity value is carried out while maintaining a 
temperature of 25 OO'C ± 0 05'C 

As the lactone monomer, there can be employed e-caprolaclone, delta-valerolactone trimethylcaprolactone and 
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beta-propiolactone, etc without any limitations The lactone monomer may be employed solely or in combination 
Furthermore, there can be copolymerized a copolymerizable monomer such as glycolide or lactide together with 

the lactone monomers, for example, within 20% by weight 

In the biodegradable polyester resin composition of the present invention, the polylactone resin is mixed in an 
5 amount ranging from 1 to 200 parts by weight, preferably from 5 to 50 parts by weight and more preferably from 20 

to 40 parts by weight based on 100 parts by weight of the aliphatic polyester resin 

In the case when the polylactone resin is mixed below 1 part by weight, biodegradability is not improved in the 

aliphatic polyester resin composition so much, unpreferably resulting in that mixing of the polylactone resin becomes 

meaningless 

^0 On the contrary, in the case when the polylactone resin is mixed exceeding 200 parts by weight, thermal resistance 

unpreferably decreases in an article molded from the resin composition 

In order to prepare the aliphatic polyester resin composition of the present invention, the polylactone resin and the 
aliphatic polyester resin are mixed in a dry state with a mixer such as a Henshel mixer or a ribbon blender, followed 
by being extruded in a melting state with a single or twin screw extruder, a Banbury mixer, a kneader, and a mixing 
^5 roll, etc which are conventional mixers to be employed in a melting state. 

According to a second aspect of the present invention, there is provided a biodegradable article molded from the 
biodegradable polyester resin composition of the first aspect. 

In the case when the biodegradable article is molded from the biodegradable polyester resin composition, there 
may be optionally mixed additives such as inorganic fillers such as calcium carbonate, talc, or silica which are an 
20 inorganic delustering agent, coloring agents such as pigments, dyes or carbon black, biodegradable plasticizers such 
as a polycaprolactone polyot having a low molecular weight, and an ultraviolet ray absorbent, etc. 

Furthermore, there may be mixed other biodegradable thermoplastic resins such as a resin prepared from a pol- 
yvinyl alcohol, a copolymer of 3-hydroxybutylate with 3-hydroxypivalate, and cellulose-based plastics, starch-based 
plastics, cellulose-based esters, and a polyester resin produced by microorganisms, etc , within a limit which does not- 
2S adversely affect 

The biodegradable article molded from the biodegradable polyester resin composition includes textiles, cloths, 
nets, films, bottles, trays, disposable cups for food and drink, disposable knives, spoons, forks, and disposable and 
separable chopsticks for eating, flower pots, pots for a seed bed, pipes, containers, syringes, stakes for temporarily 
fixing lawn mats, tees for golfing, and magnetically or optically coded cards such as a prepaid card or personal coded 

30 cards such as credit cards. 

The biodegradable polyester resin composition can be molded by injection molding, blow molding, calendar mold- 
ing, foam molding, inflation molding, and vacuum molding which are conventional molding processes. For example, 
bottles are usually prepared by blow molding, pots for a seed bed and trays are usually prepared by vacuum molding, 
films are prepared by inflation molding, casting with a solution, calendar molding, and uniaxial or biaxial extension 

35 molding, forks, spoons, stakes, and tees, etc. are usually prepared by sheet molding or injection molding, and mag- 
netically or optically coded cards such as prepaid cards or personal cards such as credit cards are usually prepared 
by cutting from sheets prepared by a T-die molding, calendar molding and then optionally laminated with plates made 
from other materials. 

Although mechanical properties are different depending upon uses, biodegradable articles molded from the bio- 
40 degradable polyester resin composition generally require a strength of more than 5MPa and preferably more than 
lOMPa, and an extension degree more than 0.5% preferably more than 1 ,0%, 

Temperatures for molding the biodegradable polyester resin composition range from 1 40 to 220^*0, preferably from 
180 to200°C 

Furthermore, the biodegradable polyester resin composition can be also extruded through a spinneret to prepare 
yarns or fibers, and the yarns or fibers can be also further woven to prepare textiles, cloths, ropes, or nets. 

Still further, films molded from the biodegradable polyester resin composition can be also used as split yarns which 
are prepared by stretching of the films and splitting. The split-yarns can be also woven to prepare cloths or nets. 

The thickness of the films can be freely adjusted depending upon uses For example, the thickness of films for 
packaging preferably ranges from 5 to 200 microns. 
50 Furthermore, the thickness of films for wrapping foods, etc. preferably ranges from 5 to 100 microns. Still further, 

the thickness of films for preparing bags for grains, fertilizers, and wastes preferably ranges from 10 to 50 microns for 
which relatively thick films are required In addition, the thickness of films for agricultural uses widely ranges from 200 
to 600 microns depending upon purposes 

The strength of the films is a range more than lOOkg/cm^ preferably more than 200kg/cm2 The stretching ratio 
55 of the films is a range more than 10%. preferably more than 20% 

Besides, films molded from the biodegradable polyester resin composition can be also laminated with other ma- 
terials depending upon uses 

The biodegradable polyester resin composition can be also extruded through a spinneret to obtain fibers in a 
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temperature ranging from 1 40 to 220°C depending upon the number average molecular weight of the resin composition 
In the case when the temperature is below 1 40^*0, extruding is difficult and contranly, in the case when the tem- 
perature exceeds 220°C, the polyester resin composition unpreferably decomposes, resulting in that it is difficult to 
obtain multifilaments having a high tensile strength. 

5 The multifilaments extruded from a spinneret having 10 to 100 holes are air-cooled or wet-cooled at from room 

temperatures to approximately SCC, followed by being treated with spinning oils for synthetic fibers Successively the 
multifilaments are stretched in cool or thermal conditions through rolls Extension ratio ranges from 1 2 to 1 0, preferably 
from 4 to 8 in extruding speed of 10 to 1000 m/minute 

Generally speaking, larger stretching ratio can provide filaments having higher tensile strength 

10 In the case when the extruding speed is below 10 m/minute stretching becomes difficult because of crystallization 

and. contrarily, in the case when the spinning speed exceeds 1000 m/minute, multifilaments unpreferably tend to adhere 
each other. 

In the case when the extruding speed is controlled within the range and stretching ratio is within the range, there 
can be obtained filaments having a tensile strength of at least 2 0 g/denier, preferably at least 3 0 g/denier In the case 
'5 when the tensile strength of the filaments is below 2.0 g/denier, filaments cannot be practically used. 

The filaments prepared from the biodegradable polyester resin composition of the present invention can be also 
used without further processing, and the filaments can be bundled, crimped, twisted, woven, and netted to obtain 
strings, ropes, cloths, and nets which can be used as industrial materials such as ropes and fishing nets, sea weed 
nets, and fixing nets for agriculture uses, fishery uses, and engineering uses 
20 Furthermore, cloths woven by fibers prepared from fine filaments can be also used for sanitary products such as 

wet towels 

Article molded from the biodegradable polyester resin composition of the present invention can be also molded 
as a sheet for magnetically or optically coded cards such as prepaid cards or personal coded cards such as credit cards 

In the case when the biodegradable polyester resin composition of the present invention is molded as a sheet for 
25 the magnetically or optically coded cards, it is generally mixed with 10 to 300 parts by weight, more preferably from 
30 to 200 parts by weight of inorganic fillers. As examples of the inorganic fillers, there are exemplified calcium car- 
bonate: mica, calcium silicate, while carbon, asbestos, clays, and glass fibers. Fibrous fillers can increase a bending 
strength in stretching direction of the sheet for the cards 

Furthermore, there are optionally mixed a variety of additives such as anti-yellowing agents, anti-oxidants, slipping 
30 agents, coloring agents such as organic or inorganic pigments 

The additives are mixed in an amount ranging from 0,05 to 3 parts by weight, preferably from 0.1 to 0.5 part by 
weight based on 100 parts by weight of resin components. 

The sheet for the magnetically or optically coded cards is prepared by a sheet molding process and calendar 
molding process and then preferably biaxially-stretched in order to increase rigidity, moldability, mechanical strength, 
35 stiffness, impact strength, dimensional stability, and bending resistance, etc. 

Furthermore, the sheet for the magnetically or optically coded cards are optionally prepared by lamination with 
sheets made from other materials which have a passable biodegradability such as plastics produced by microorgan- 
isms, 

In order to make the thus-prepared sheet work as a prepaid card or personal coded cards for cashing or identifying, 
40 etc , magnetically, optically, or thermally recording layers must be formed by coating a paint containing magnetic pow- 
ders, thermally-sensitive dyes, and binder, or by laminating with a sheet on which the paint is coated. 

The thermally-sensitive dyes include a thermally-sensitive leuco dye and thermally-sensitive diazo-based dye, etc. 
Furthermore, as recording layers, there can be employed metallic thin layers such as tin or aluminum which have 
low melting points. On thus-prepared sheet for the prepaid card or personal coded cards for cashing or identifying, 
45 etc , visual information such as pictures or letters can be also printed by an offset printing method, a screen printing 
method, or a gravure printing method 

In order to prepare the cards having a fixed size, thus-prepared sheets are cut with a cutting machine. 
The present invention is illustrated below by Examples. 

50 Preparation Example 1 

A reaction vessel equipped with an agitator, a tube for removing water, a tube for supplying nitrogen gas, and a 
vacuum line was charged with 354 parts by weight of succinic acid (Mw 118), 291 parts by weight of 1 ,4-butanedtol 
(Mw: 90), and 0 2 part by weight of tetraisopropyl titanate, followed by allowing to react at 200*^0 for 2 hours in ordinary 
55 pressures and nitrogen atmosphere while agitating. Successively after internal pressure attained to below 0 5 mmHg 
by gradually reducing pressures, reactants were agitated at 200^C for 5 hours while removing water and an excessive 
amount of 1 .4-butanediol from the reaction vessel to obtain a polyester resin Subsequently, 6 parts by weight of hex- 
amethylene diisocyanate (Mw 1 68) was added at 200°C in a nitrogen atmosphere under ordinary pressures to increase 
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a molecular weight of the polyester rosin and to obtain a polyester resin (Polyester Resin A) having urethane bonds 
The Polyester Resin A having urethane bonds exhibited a nunaber average molecular weight of approximately 

44 000 and a weight average molecular weight of approximately 1 65,000 based on a standard Polystyrene with a GPC. 
There was mixed 100 parts by weight of the Polyester Resin A with 11 1 parts by weight of a polycaprolactone 
5 resin having a number average molecular weight of 70.000 (PCL H7 having the relative viscosity of 2 60 manufactured 

by Daicel Chemical Industries, Ltd ) at 150^C in a laboratory mixer which rotates at 30 rpm 

After torque in the mixer became constant, it was further mixed for 10 minutes while heating to obtain a polyester 

resin composition. 

The polyester resin composition obtained was molded with a press equipped with a molding die while heating to 
TO obtain a resin sheet having 1 50mmL x 1 50mmW x 1 mmT Molding was carried out at preheating temperature of 1 50*C 
for 10 minutes, and then by compression while heating at the conditions of 150^*0, lOOkg/cm^ for 10 minutes. The 
resin sheet molded was removed from the molding die after naturally cooled. 

Preparation Example 2 

15 

A reaction vessel equipped with an agitator, a tube for removing water, a tube for supplying nitrogen gas, and a 
vacuum line was charged with 438 parts by weight of dimethyl succinate (Mw: 146), 291 parts by weight of 1 ,4-butane- 
diol, and 0.2 part by weight of tetraisopropyl titanate. followed by allowing to react (a transesterification reaction) at 
190°C for 2 hours in ordinary pressures and nitrogen atmosphere while agitating. 

20 Successively, after internal pressure attained to 1-0.5 mmHg by gradually reducing pressures, reactants were 

agitated at 200'C for 8 hours while removing methanol produced in the reaction and an excessive amount of 1 ,4-bu- 
tanediol from the reaction vessel to obtain a polyester resin Furthermore, heating was continued at 210 to 220°C while 
agitating under a reduced pressure of 1-0.5 mmHg for 5 hours to remove methanol and 1 ,4-butanediol to obtain a 
polyester resin (Polyester Resin B) 

25 The Polyester Resin B not having urethane bonds exhibited a number average molecular weight of approximately 

38,000 and a weight average molecular weight of approximately 75,000 based on a standard Polystyrene with a GPC 
There was mixed 100 parts by weight of the Polyester Resin B with 11.1 parts by weight of a polycaprolactone 
resin having a number average molecular weight of 10,000 (PCL HI P having the relative viscosity of 1 28 manufactured 
by Daicel Chemical Industries, Ltd.) at 150°C in a laboratory mixer which rotates at 30 rpm After torque in the mixer 

30 became constant, it was further mixed for 10 minutes while heating to obtain a polyester resin composition. 

The polyester resin composition obtained was molded with a press equipped with a molding die while heating to 
obtain a resin sheet having 1 50mmL x 1 50mmW x 1 mmT. Molding was carried out at preheating temperature of 1 50°C 
for 10 minutes, and then by compression while heating at the conditions of 150°C, 100kg/cm^ for 10 minutes. The 
resin sheet molded was removed from the molding die after naturally cooled 

35 

Comparative Preparation Example 1 

There was mixed 100 parts by weight of the Polyester Resin A in a laboratory mixer which rotates with rotation 
speed of 30 rpm at 150°C for 10 minutes until torque in the mixer becomes constant. 

40 

Comparative Example 1 

The Polyester Resin A mixed in Comparative Preparation Example 1 was molded with a press equipped with a 
molding die while heating to obtain a resin sheet having 150mmL x 150mmW x ImmT Molding was carried out at 
^5 preheating temperature of 1 SO^C for 1 0 minutes, and then by compression while heating at the conditions of 1 50°C, 
lOOkg/cm^ for 10 minutes. The resin sheet molded was removed from the molding die after naturally cooled. 

Comparative Example 2 

50 The same procedures were followed as in Comparative Example 1, except that the Polyester Rosin B was em- 

ployed. 

Comparative Example 3 

55 The same procedures were followed as in Comparative Example 1, except that PCL H7 was employed 
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Example 1 

There were evaluated mechan.ca, propert.es, thermal stab„„y. ar.d b,odegradab,„.y . rela.on lo respective res. 
Sheets obta,r.ed ,n Preparation Examples 1 , 2 and Comparative ^'^^'^'Z^ZS^^^^ w,th test pieces 

gradab.lity was measured with powder made from the respective resin sheets 
Results are shown in Table 1 



45 



50 



Table 1 





Example 


Comparative Example 




1 


2 


1 


2 


3 


Strength at break (kg/cm^) 
Extension at break (%) 
Thermal stability ( "C) 
Biodegradability (%) 


620 
560 
115 
36 


340 
285 
115 
40 


600 
530 
118 
2 


355 
280 
118 
15 


610 
730 
60 
81 



Measurement o, strength at break and extension at breaK was earned °- -th Ou^^^^^^^^^^ P- «^ regulated 

^hi'?:^;=r r:ra'^^^^^^^^^^^ ^ - 

'''l;^:::^^:^:^^^ --rd,ng to .S K6950 ,h Which there Is measured an oxygen 

deml tn an active sludge' Results'are shown by decomposition ratio a.ter immersed .or 4 weeks. 

Preparation Example 4 
Example 3 

of 700kg/cm2 and Injection speed of 60cm3/second observed Furthermore, the tray was 

Results are shown in Table 2. 



Preparation Example 5 

Similar procedures as in Preparation Example 3 were 
of the PCLH7 



followed, except that there was employed 1 5 parts by weight 



55 



Example 4 

similar procedures as in Example 3 were followed, except that there was employed the polyester resin composition 
prepared In Preparation Example 3. Results are shown in Table 2. 
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Preparation Example 6 

Similar procedures as .n Preparat.or. Exar^ple 3 were followed, except that there was errployed 100 parts by 
weight of the PCL H7. 

5 

Example 5 

S.r..lar procedures as ir. Example 3 were followed, except that there was employed the polyester res.n composit.or. 
prepared in Preparation Example 5 Results are shown in Table 2 

10 

Comparative Example 4 

Similar procedures as In Exarr^ple 3 were followed, except that there was employed the Polyester Resin C Results 

are shown in Table 2. 

15 

Table 2 
[1] [2] [3] 

20 

Example 3 R.D 83 N.C 

4 R.D 45 N.C 

25 



5 R.D 87 N.C 

30 

Comparative 

Example 4 S.D 2 N.C 

35 In the Table 2. [numbering] and abbreviations are as follows. 

[11 Outer appearance after burying in the ground for 3 months 
(21- Decomposition Ratio (%) after immersion for 28 days according to JIS K6950 
[3]: Outer appearance after immersing in a sterilized water for 3 months 
40 R.D: Remarkably decomposed 

S,D: Slightly decomposed 

N.C: No changed compared to before immersing in water 



45 



50 



Table 2 clearly shows that the biodegradable article molded from the aliphatic polyester composition of 'h^ Present 
invenSl has an excellent blodegradability, and it is not degraded in a circumstance in which microorganisms do not 



exist 



Example 6 



The DOlvester resin composition prepared in Preparation Example 3 was extruded to obtain a film at 200° C The 
turn was t' Sctcrod twice ' extruding direction at 80-C. and then ,t was stretched twice in lateral direction to obtain 
a biSrltlL fl hllg the thickness of 50 microns The biodegradable film obtained was buried in the ground, 
and thp outer aooearance was visually observed after 3 months. 

^he b ?deg adable film was freezedly crushed, and then its biodegradable property was -^'-'1^ ^ ° 
US K6950 n^A) in which there is employed an active sludge obtained from a municipal drainage. St I further the 
uay was Jnme. n a sterilized water'or 3 months, and it was evaluated by visual obse.ation. Results are shown 



in Table 3 
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Example 7 

same procedures as .n Example 6 was followed, except that there was employed the polyester resm composition 
prepared in Preparation Example 4. Results are shown in Table 3 

Example 8 

Same procedures as ,n Example 6 was followed, except that there was employed the polyester res.n composition 
prepared in Preparation Example 5 Results are shown in Table 3 

Comparative Example 5 

same procedures as in Example 6 was followed, except that there was employed the Polyester Resir. C Results 

are shown in Table 3. 

Table 3 



50 





[1] 


[2] 


[3] 


Example 6 


R.D 


85 


N.C 


7 


R.D 


50 


N.C 


8 


R.D 


90 


N.C 



30 Comparative 

Example 5 S.D 5 N.C 

35 In the Table 3. [numbering] and abbreviations are as follows. 

fll Outer appearance after burying in the ground tor 3 months 
[2] Decomposition Ratio (%) after immersing for 28 days according to JIB K6950 
[3]: Outer appearance after immersing in a sterilized water for 3 months 
40 R.D: Remarkably decomposed 

S.D. Slightly decomposed 

N.C: No changed compared to before immersing in water 

Table 3 clearly shows that the biodegradable film molded from the aliphatic polyester composition of the present 
.5 .ve^S'hafan eVce^m^ and it is not degraded in a circumstance in wh.ch microorganisms do not 

exist 

Example 9 

Similar procedures as In Preparation Example 3 were followed, except that there was employed 30 parts by weight 

of thp PPL H7 to obtain a biodegradable polyester resin composition. , *u ^ ^t^r 

?he rel^n Xsition was extruded through a spinerret having 16 holes with an extruder having he diameter of 
25 mm a extruZ temperature of 200»C followed by being air-cooled while extending. Successively ,t was extended 
af a dT^t ratio of 200, and further ,t was extended two times to obtain multifilaments having 32 denier (2 denier/mono- 

'"'The multifilaments exhibited strength at breaK of G/denler and extension of ^ 

by burying in the ground thereof for 2 months. The mullifilaments exhibited a value less than 50 /o compared 

original tensile strength value. 
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Example 10 

Similar procedures as in Preparation Example 3 were followed, except that there was employed 30 parts by weight 
of the PCL H7 to obtain a biodegradable polyester resin composition, 
5 The resm composition was extruded through a spinerrel having 3 holes with an extruder having the diameter of 

25 mm at extruding temperature of CC followed by being air-cooled while extending It was further extended 8 times 
in water of 70°C to obtain monofilament having 900 denier 

The monofilament exhibited strength at break of 5 5g/denier and extension at break of 50% Biodegradability was 
evaluated by burying in the ground thereof for 2 months The multifilaments exhibited a value less than 50% compared 
^0 to the original tensile strength value 

Example 11 

Similar procedures as in Preparation Example 1 were followed, except that the degree of reduced pressure for 
^5 removing water was more severely increased to obtain an aliphatic polyester resin containing urethane bonds (Poly- 
ester Resin D) having a number average molecular weight of 90,000. 

There was mixed 100 parts by weight of the Polyester Resin D with 43 parts by weight of a polycaprolactone restn 
having a number average molecular weight of 100,000 (PCL H7 manufactured by Daicel Chemical Industries, Ltd.) 
and 50 parts by weight of mica (HAR160 manufactured by Shiroishi Kogyo, Ltd.), and 8 parts by weight of titanium 
20 oxide with a vent-type extruder to obtain a polyester resin composition. 

Successively, the resin composition was extruded with a T die-type melt extruder at the molding temperature of 
200°C to obtain a sheet having a fixed thickness 

Successively, the sheet was biaxially stretched and then finished by a calendar process in order to increase surface 
smoothness to obtain a sheet having the thickness of 190 microns and bending elasticity of 40,000 kgf/cm^ which is 
^5 a similar value to a sheet prepared from a polyethylene terephthalate resin. 

In order to measure biodegradability of the sheet, it was crushed and dried to obtain fine powders, followed by 
measuring biodegradability according to JIS K6950 It was identified that there was degraded 75% by weight of the 
resin in the sheet. 

Furthermore, it was identified that biodegradability of the Polyester Resin D was 2% by weight, and biodegradability 
30 of the polycaprolactone restn was 81% by weight. 

Subsequently, the sheet was coated by a magnetic paint containing magnetic powders with a knife coater to form 
a black colored magnetic recording layer having the thickness of 10 microns, followed by magnetically processing in 
a horizontal magnetic field having approximately 3000 Gauss and drying with hot air having 100°C for 3 minutes to 
obtain a magnetic sheet 
55 A composition of the magnetic paint is described below. 

(a) Magnetic powder (Barium Fernte having 17500e): 100 parts 

(b) Polyvinyl chloride-polyvinylacetate copolymer (VAGF manufactured by Union Carbide): 20 parts by weight 

40 

(c) Polyurethane resin (Nippolan 2304 manufactured by Nihon Polyurethane): 30 parts 

(d) Hexamethylene diisocyanate (Coronate HX manufactured by Nihon Polyurethane): 2 parts 
^5 (e) Carbon black (#3000 manufactured by Mitsubishi Kasei, Ltd ): 5 parts 

(f) Dispersant (Gahfack RE-610 manufactured by Toho Kagaku, Ltd.): 3 parts 

(g) Solvent for dilution (toluene/methylethyl ketone/ methylisobutyl ketone): 100 parts 

so 

The magnetic sheet was cut to obtain a card having 57.5 mmL x 85 mmW regulated by a cybernetics standard. 
Subsequently, the card was passed through a gate of an apparatus for coding and reading with a passing speed of 2 
m/second Any troubles were not observed in the card 

Subsequently, the card was immersed in water for 30 seconds and water was wiped, and then the card was again 
55 passed through the gate of the apparatus for coding in a passing speed of 2 m/second. Any troubles were not also 
observed in the card Stiffness of the card was 25 gf/cm, and it was not changed even after immersed in water 

Subsequently, the card was buried in the ground for 4 months to observe biodegradability After 4 months, shape 
of the card Was not maintained except the magnetic recording layer 
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average molecular weight of 52,000 p„|„„,er Resin E with 50 parts by weight of a polycaprolactone resin 

There was -riixed 100 parts by weight "J/^f ^"'y;^™ py Daicel Cherriical Industries, Ltd.) 

"v^.— o, Ud , La . par,s by weight o, titaniu. 

-nri^r E S— : ::3r:d=~^ - e.truder . the molding temperature o, 
^Tcer:; trcotstrrarbSl"^^^^^^^ and then finished up by a calendar process in order to increase 
surface smoothness to obtain a sheet having the thickness oiS^^^^^-' ^^,,,3, ,,|,owed 



40 



resin in the sheet. 



Example 13 

T„, p„„»,e, oc^pc«» pr=p„.» ,n Example .0 . T^i» a, ,«= ™»n, 

The lam«»6 sn..t has a high.r 'r''*'"" ''""^^^^^^^ b.lh n»in.ak,«. al 150-C to, 

The ,.™,in.,.d .h.., no. '''"f t,'" * ' ^^^^^^^^ a. in a po^in,, chto.id. .h... 

-n a GPC (Snod,. GPC KF.a04L <^'''";'^':'^^^°rS:ZlS^ . » 2" 

Shodex Rl, and molecular weight is based on a f^^f"^^^'^''^'^"^^^^^^ ^pecf.c embodiments thereof, ,t will be 

jrz:^:^^:^ r s - :r can .a* d.p.n.g „o. 

the spirit and scope thereof. 



Claims 

. A biodegradable polyester resin composition which comprises from . to 200 parts by weigh, of a polylactone resin 
and 100 parts by weight of an aliphatic polyester tesin, 
' 2. The composition of claim 1 , wherein said aliphatic polyester resin has a melting point more than 100»C and is 

thermoplastic, 

„ -r— rjai^,^^^^^^^^^^^^^^^^ 

from 2, 4, 6, Sand 10. 
55 a mixture thereof. 
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anhydride be,ng preferably er^ployed . a mol % relative ra.,o of more thar. 70 %, and more preferably more than 

90 %, 

6. The compos,t,or. of any one of cla,ms 1 to 5, wharair. sa,d al,phat,c polyester res.r, comprises a polyvalent alcohol 
s unit derived from a polyvalent alcohol, in particular a glycol 

7 The composition of claim 6, wherein said glycol is selected from the group corisisting of 1 ,4.bu,anedio,, 1 ^e-hex- 
anediol, ra-octanediol, l.lO-decanediol, ethylene glycol, and neopentyl glycol 
,0 8. Thecompositionofanyoneoftheprecedingclaimswhereinsaidaliphaticpolyesterresinisobtainedfromsuccinic 

acid or anhydride thereof, and 1 ,4-butanediol 

9 The composition of any one of the preceding claims, wherein said aliphatic polyester resin contains urethane bonds 
■ derived from an aliphatic polyisocyanate compound, in particular an aliphatic diisocyanate 
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diisocyanate 

Sn ^hen containing urethane bonds, has a number average molecular weight ranging from 10,000 to 200,000, 
preferably from 30,000 to 100,000 

13 The composition of any one of the preceding claims, wherein said polylactone resin has a "^^er average mo- 
TculaZS value of Lm 1 ,000 to 200,000, preferably from 4,000 to 1 00,000, and more preferably from 1 0,000 

30 to 70,000. 

14 The composition of claim 1 3, wherein said polylactone resin has a relative viscosity value of from 1 .2 to 2.8, 

propiolactone, and a mixture thereof. 

1 6. A biodegradable article molded from the biodegradable polyester resin composition as claimed in any one of claims 
1 to 15. 

17. A biodegradable article as set froth .n claim 1 6, wherein said article is any one of fibers, yams, textiles or cloths, 
ropes, nets, films, bottles, pipes, and containers. 

bed. syringes, stakes for temporarily fixing lawn mats, and tees for golfing 

19. A biodegradable article as set forth ,n claim 1 6, wherein said article is a card having a magnetically-sensitive layer 
and/or a thermally-sensitive layer 

20. A biodegradable article as sot forth in claim 16, wherein said article is a card prepared by laminating. 

21. A biodegradable article as se, forth in claim 16, wherein said article is a card prepared by biaxially-stre.ching 
55 22. A biodegradable article as set forth in claim 16, wherein said article is a card containing fillers. 
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